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Abstract: Peripheral blood and haematopoiesis in bone marrow and liver tissue were investigated in Bufo bufo during the sexual
cycle. A combined touch and imprinting tissue method were applied for the haematopoietic cell isolation. The liver is the primary
site of erythropoiesis and partial lymphopoiesis. There was a positive correlation between body mass and liver mass, but it was not
significant (P > 0.05). The primary role of yellow bone marrow is the maturation of haematopoietic cells, while red bone marrow is
responsible for the production of blood cells. The largest surface, and therefore the largest dimensions, was established for erythrocytes.
Significant differences in the number of leukocytes and their size were established between males and females (P < 0.05). Small numbers
of leukocytes but very large cells were characteristic for females. The highest percentages of leukocytes were for lymphocytes and
eosinophils. The reproductive period showed significant impact on the haematopoietic intensity in the bone marrow and liver, resulting
in changes in peripheral blood, regarding the ratio of mature blood cells.
Key words: Bufo bufo, haematopoietic cell, erythropoiesis, liver, bone marrow

1. Introduction
Reduction in the amphibian population is a global threat.
The most common reasons are diseases, competition,
predatoriness, habitat destruction, agricultural practice,
etc. and this is causing ecological changes. Amphibians,
especially the order Anura, are much more vulnerable
than vertebrate species (Collins and Storfer, 2003; Beebee
and Griffiths, 2005; Johansson et al., 2006). Compared
to other aquatic vertebrates, amphibians are exposed
to a greater risk because they prefer shallow, standing
waters and ponds near agricultural lands, which is an
additional problem due to the use of chemicals (Rowe
et al., 2003). The general haematological overview is
very important for the monitoring of health status in
vertebrates whose habitat is under constant pressure.
Haematology has an important role in the physiological
evaluation of animals (Campbell, 1998). Haematological
parameters allow detection of changes in physiological,
pathological, ecological, or environmental conditions
in natural populations (Seaman et al., 2005).
Valbona et al. (2014) have noted many abnormalities
in erythrocytes caused by copper sulphate. Different
haematological studies were conducted in different
species from the genus Rana. These findings include
* Correspondence: suljevic.damir@gmail.com
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blood cell count (Arıkan, 1989), cell morphometric
measurements (Atatür et al., 1999), haematocrit
(Prosser and Weinstein, 1950), and others. Amphibian
haematopoiesis has been studied for some time. Allender
and Fry (2008) reported a link between mammalian
and bird haematopoiesis. They also pointed out a large
difference in erythropoiesis between juvenile and adult
amphibians. In the juvenile stage, erythropoiesis takes
place in the liver and kidneys, while in adults it occurs
in the bone marrow, spleen, and liver. The thymus
appears to be the most common place for T-cell
maturation; this process in B-cells is still unresearched.
For mature individuals, the spleen is the main organ for
erythrocyte production, while the liver is a secondary
organ in this process. Bone marrow is partially active
in haematopoiesis of some Rana species (Turner 1988).
According to Glomski et al. (1997), seasonal changes
can affect the rate of activity in haematopoietic organs
in some species, especially in the spleen and bone
marrow.
The aim of this research was the evaluation of
the basic haematology of the species Bufo bufo,
accompanied by a thorough analysis of haematopoietic
stem cells from different tissues.

SULJEVIC et al. / Turk J Zool
2. Materials and methods
2.1. Animal specimens
The haematological profile of the common toad (Bufo bufo
L.) from the Fojnica region (Bosnia and Herzegovina; N:
43°57′47.181″E: 17°53′54.402″) was analysed. The main
experimental phase was conducted during the height of the
adult sexual cycle (month: May) and consisted of 20 frog
adult specimens (n = 20; ♀ = 10; ♂ = 10). Collected animals
were transported to the laboratory amphibian vivarium at
the Department of Biochemistry and Physiology (Faculty
of Sciences, University of Sarajevo). Specimens were kept
for 10 days to overcome capturing and transport stress
and acclimate. The animals were treated according to
the required state and institutional animal welfare laws
and regulations (“Declaration on the Rights of Animals”
- UNESCO, 1978; “Universal Declaration on Animal
Welfare“ - WSPA, 2000) and Animal Protection and
Welfare Law of Bosnia and Herzegovina (“Official Gazette
25/09”). Animal use in this study was approved by the
Ethic Committee of the Faculty of Science (01/01-2820/22017). After the acclimatisation period, the experimental
phase of the study began.
2.2. Anaesthesia and euthanasia protocols
In accordance with ethical principles, the law, and
institution requirements, the specimens studied were
adequately anaesthetised and subsequently euthanised.
A high level of caution was advised during this process,
to stress the specimens as little as possible, to avoid the
suffering of animals and to properly handle sensitive
chemicals.
For the anaesthesia procedures, we used MS-222
(tricaine methanesulphonate - Tricaine - S Topical
Anesthetics - ANADA 200-226, Western Chemicals Inc.)
as a bath solution. A 0.15% (w/v – 1.5 g/L; buffered with
sodium bicarbonate to pH 7–7.5 prior to every use) bath
solution was prepared and specimens were immersed for
20 min. Euthanasia was conducted by increasing the MS222 dosage (to 3.5 g/L) and immersion time (35 min).
Confirmation of euthanasia was performed by decapitation
and pithing.
2.3. Peripheral blood collection and haematological
staining
Several factors such as developmental stage, living
conditions, and general health status affect circulating
blood volume in amphibians. Up to 10% of body volume
represents blood volume in tailless frogs and several species
of salamanders. According to several sources (Hutchison
and Szarski, 1965; Szarski and Czopek, 1966; Allender and
Fry, 2008; Heatley and Johnson, 2009), blood collection
from amphibians can be performed on several body
regions. Sufficient sources are veins: ventral abdominal,
femoral, facial/maxillary (musculo-cutaneous), lingual

plexus, and heart ventricle (Campbell, 2004; Forzan et al.,
2012).
To analyse blood cells in detail, we used blood collected
through cardiocentesis. Specimens were anaesthetised
with MS-222 in anaesthesia bath containers and properly
restrained. Cardiocentesis was performed with a point
gauge needle (21G; Semikem, Sarajevo, B&H) and 20 µL
of blood was collected per animal. Blood smears were
made immediately and stained with the May–Grünwald–
Giemsa stain.
2.4. Haematopoietic – stem cell isolation
As there are different sources in the literature (Curtis et al.,
1979; Turner, 1988; Selleri and Divers, 2006; Arikan and
Çiçek, 2014) and varying haematopoietic cell localisation,
we created two approaches for this purpose. The first
approach consisted of bone marrow stem cell isolation
from femur and the other from the liver.
2.4.1. Femoral bone marrow isolation (modified touch
method)
For this analysis, euthanised specimens were used. The
femurs were excised, cleaned of tissue residues, and
washed with Ringer’s solution (0.8% NaCl solution). A
longitudinal incision on the bone diaphysis and part of
the epiphysis (1 cm approximately) was made with a
scalpel. Diaphysis contains yellow bone marrow (YBM)
of gelatinous consistency, while epiphysis contains red
bone marrow (RBM) in liquid-like state. Differentiating
and maturing cells are found in the RBM of the epiphysis,
while mature cell forms are mostly found in the YBM.
As the RBM solidifies quickly, its entire contents must
be transferred to microscopic slides. The combined
touch method is then applied, as removed bone marrow
is smeared across the slide with the help of a glass pin
(gentle zigzag slow motion). Although robust, we found
this method most suitable as it best preserves tissue and
haematopoietic cell characteristics.
2.4.2. Hepatic stem cells isolation (imprinting method)
The entire liver is removed and submerged in Ringer’s
solution for 1 min to rinse blood residues. Afterwards, a
cross section is made in regions I and II (Figure 1) and
rinsed in Ringer’s solution. Liver samples from both regions
are removed and dried well with absorbent paper. Due
to the fragility of the haematopoietic microenvironment
and intended tissue preservation we used the imprinting
method. A cross section sample is then placed on a
microscopic slide and continuously moved across to create
an imprint on the slide. Fresh imprinted slides were left to
dry on room temperature and consecutively stained with
May–Grünwald–Giemsa stain.
2.5. Haematopoietic cell analysis and statistics
Peripheral blood cell and haematopoietic cell analysis was
performed with an Olympus light microscope (BX41).
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Figure 1. Peripheral blood cells of Bufo bufo; 1a (1. erythrocytes,
2. lymphocyte, 3. eosinophil) and 1b (4. neutrophil, 5. monocyte)
(Scale bar: 20 µm).

Photographs were taken with an Olympus digital camera
(DP12). Cell morphometric parameters (cell and nucleus
diameters along with the total cell surface) were measured
and analysed with the use of licensed software (Olympus
DP12 Soft DP12-CB Ver.01.01.01.42. Olympus Corp.). The
results were gathered and analysed using the IBM SPSS
ver. 20.

3. Results
3.1. Morphometric characteristics
Mean body mass was 45 g and liver mass was 1.49, which
is 3.3% of the total mass (Table 1). There is a positive
correlation between body mass and liver mass, but it is not
significant.
3.2. Peripheral blood cells
Five types of cells were identified in the peripheral blood:
erythrocytes, eosinophils, neutrophils, lymphocytes, and
monocytes. Basophils were not observed because they are
rare cells. Peripheral blood cells are presented in Figures
1a and 1b.
Table 2 shows the percentage of peripheral blood cells
for males and females. Mean value, standard deviation,
and range were analysed.
Lymphocytes had the highest number, followed by
neutrophils. Monocytes had a low percentage. Females
had a higher number of neutrophils and eosinophils, as
well as fewer lymphocytes. Apart from monocytes, there
were significant differences within cells.
Table 3 shows the surface of leukocytes, thrombocytes,
and erythrocytes. In addition to the erythrocyte surface,
the nucleus surface was analysed, including cell and
nucleus dimensions (longer and shorter axis).
Significant differences between females and males were
found for eosinophils, lymphocytes, thrombocytes, and
erythrocytes. Females had significantly bigger neutrophils,
lymphocytes, thrombocytes, and erythrocytes (including
both axes).
3.3. Stem cells in bone marrow and liver
Haematopoiesis has different intensities in different liver
regions (Figure 2). Generally, the liver contains a large
number of haematopoietic stem cells. Erythropoiesis is the
dominant haematopoietic process in the liver. Erythrocyte
maturation is characterised by a change in size of the
nucleus, which is observed by the different chromatin
condensation stages. Transient forms of erythrocyte are not
present. In addition to erythropoiesis, lymphocytopoiesis
occurs, but in low intensity.
The haematopoietic intensity in region I (Figure 3a)
was very low and increased in region II (Figure 3b). In
region II, there were a large number of macrophages,
lymphoblasts, and some mature lymphocytes. Neutrophils
were rarely encountered.

Table 1. Body mass, liver mass, and coefficient of correlation.
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Body mass (g)

Liver mass (g)

Spearman correlation

Mean ± SD

45 ± 3.62

1.49 ± 0.41

Range

38–50

1.00–2.35

R = 0.467
Sig. = 0.148
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Table 2. Percentage of leukocyte count in peripheral blood of Bufo bufo.
Females

Cells
Eosinophils
Neutrophils
Lymphocytes
Monocytes

Males

ANOVA

Mean ± stdv

Range

Mean ± stdv

Range

Sig.

23.8 ± 2.20
30.8 ± 1.93
42.7 ± 3.49
2.7 ± 1.33

20–27
28–34
38–47
1–5

17.7 ± 2.75
25.2 ± 3.61
54.4 ± 3.09
2.71 ± 1.33

14–22
20–30
49–60
1–5

0.00*
0.00*
0.00*
0.500

*Statistically significant values
Table 3. Blood cell surface of Bufo bufo.

Cell (µm2)
Eosinophils
Neutrophils
Small lymphocytes
Big lymphocytes
Monocytes
Thrombocytes

Female

Male

ANOVA

Mean ± stdv

Range

Mean ± stdv

Range

Sig.

175.24 ± 20.56
190.45 ± 26.02
119.42 ± 9.18
192.40 ± 11.75
233.16 ± 67.69
62.63 ± 8.48

144.98–211.64
138.4–221.05
109.26–140.75
177.11–24.23
177.77–343.96
52.89–76.22

108.59 ± 22.98
201.12 ± 29.47
74.13 ± 14.65
117.04 ± 5.09
217.19 ± 40.22
40.09 ± 7.12

83.38–153.31
141.29–251.53
37.02–94.03
109.58–125.36
173.25–272.58
29.48–51.02

0.00*
0.153
0.00*
0.00*
0.319
0.00*

*Statistically significant values

Bone marrow of the femur is an area of intensive
leukopoiesis, including granulocytes, monocytes, and
lymphocytes (Figures 4a and 4b). The evidence is a high
percentage of lymphocyte precursors. In the largest
percentage, erythrocytes were in the mature form. Active
RBM is the haematopoietic site for active production of
leukocytes and thrombocytes, while YBM is a repository
of mature cells. Erythroid cells were present mostly in
the mature forms, indicating that erythrocyte production
is almost exclusively related to the liver. Figure 5 shows
all haematopoietic and mature cells in the femoral bone
marrow.
The surface and dimensions of erythrocytes and
nucleus are presented in Tables 4 and 5.
The morphometry of erythrocytes found in the liver
(Table 4) and bone marrow (Table 5) was not significantly
different between males and females.
Table 6 shows the percentage of haematopoietic and
mature cells. Bone marrow had the highest percentage
of mature cells (55.1%), and the dominant cells were
lymphocytes. Granulocytes (neutrophils and eosinophils)
were the dominant haematopoietic cells.

Figure 2. Liver of adult Bufo bufo (A- section II, B- section I).

4. Discussion
The analysis of peripheral blood and haematopoietic cells
in different tissues during the sex cycle was carried out due
to the demanding physiological and metabolic processes
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Figure 3. Haematopoietic stem cells of the Bufo bufo liver; left is
liver section I a) and right is liver section II b): 1. Erythroblast,
2. Undifferentiated stem cells, 3. Macrophage (scale bar: 20 µm).

throughout this period. Considering that demanding
physiological processes, such as reproduction, require
high haematopoietic induction, the best way to identify
and evaluate haematologic status is to evaluate it during
the most intense haematopoietic period. Haematological
parameters are very important for identification of
physiological and pathological changes (Seaman et al.,
2005). There were several types of leukocytes in the
peripheral blood: neutrophils, eosinophils, lymphocytes,
and monocytes. The basophils were not recorded, although
they were identified in Annura (Arıkan and Çiçek, 2011),
due to the low percentage. Small lymphocytes dominate
over large lymphocytes in peripheral blood. Both
lymphocyte forms were seen as dominant leukocytes in
amphibians and reptiles (Saint, 1970; Frye, 1991; Mader,
2000; Campbell, 2004; Arıkan et al., 2004; Strik et al.,
2007; Allander and Fry, 2008; Sykes and Klaphake, 2008,
2009a). Thrombocytes were common in both males and
females and represented large cells, elongated or round in
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Figure 4. (a and b) Bufo bufo haematopoietic stem cells in bone
marrow at different stages of maturation: 1. Erythroblast, 2.
Lymphoblast, 3. Prolymphocyte, 4. Lymphocyte, 5. Thrombocytes,
6. Neutrophilic metamyelocyte, 7. Prolymphocyte, 8. Myeloblast
(scale bar: 20 µm).

form. Thrombocytes often recall lymphocytes and so we
did not differentiate them. Small lymphocytes are often
confused with thrombocytes (Arikan and Çiçek, 2014).
There were significant differences between cells of males
and females, except for monocytes. A higher number of
neutrophils was recorded in females. Lower numbers of
eosinophils and lymphocytes in females were followed by
larger cell dimensions. This may be due to high pressure
during the reproductive cycle when haematopoiesis is
characterised by a smaller number of larger cells. On the
other hand, directing haematopoiesis to more effective
erythropoiesis may be crucial in an energy-intensive sex
cycle. The number of lymphocytes is significantly higher
in comparison to Arikan and Çiçek’s (2014) research,
while eosinophil number was similar. A high number of
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Figure 5. Haematopoietic and maturated cells found in the Bufo bufo femoral bone marrow (1. Myeloblasts, 2. Neutrophilic
metamyelocyte, 3. Eosinophilic metamyelocyte, 4. Lymphoblast, 5. Prolymphocyte, 6. Lymphocyte, 7. Mature segmented neutrophilic
granulocyte, 8. Mature segmented eosinophilic granulocyte).

Table 4. Erythrocytes morphometry in the liver of Bufo bufo.

Cell and dimension

Female

Male

ANOVA

Mean ± stdv

Range

Mean ± stdv

Range

Sig.

Erythrocytes (µm2)

277.69 ± 27.75

242.22–316.11

270.75 ± 46.35

175.57–328.98

0.327

Longer axis (µm)

23.31 ± 1.44

21.19–25.35

23.69 ± 2.70

17.60–27.68

0.334

Shorter axis (µm)

14.89 ± 1.08

13.30–16.98

14.06 ± 1.26

11.71–16.03

0.044*

Nucleus (µm )

38.44 ± 10.18

24.63–58.27

38.44 ± 4.36

33.32–47.92

0.499

Longer axis (µm)

8.11 ± 1.19

6.61–10.00

8.24 ± 0.76

6.99–9.73

0.398

Shorter axis (µm)

5.55 ± 1.01

3.72–7.89

5.67 ± 0.68

4.62–7.07

0.363

2

* Statistically significant value

eosinophils may occur because of nutritional habits. A
high lymphocyte number is recorded in Hoplobatrachus
rugulosus (Suthirote et al., 2016) and Polypedates teraiensis
(Das and Mahapatra, 2014). Females have significantly
larger erythrocytes than males. Erythrocytes were the
predominant cells in comparison to leukocytes, as
reported by Stephan (1954). Our research showed that
erythrocytes had the largest cell surface. Amphibians have
the largest erythrocytes among vertebrates (Vernberg,
1955). However, it is recorded that the Annura have the
smallest erythrocytes of all amphibians (Atatür et al., 1999;
Arıkan et al., 2003; Arıkan and Çiçek, 2011). In the family
Bufonidae, our research showed a bigger erythrocyte
surface compared to Bufo variabilis, and also in relation

to erythrocytes of Ranidae and Pelobatidae (Arıkan et
al., 2010). Obviously, a larger erythrocyte surface is the
consequence of higher metabolic needs during the sexual
cycle (Arıkan et al., 2003). Haematopoiesis takes place in
different tissues, but no complete evidence of this has been
provided so far. According to Allender and Fry (2008),
there are different places for haematopoiesis. In juvenile
forms, haematopoiesis occurs in the liver and kidneys
and in the bone marrow, liver, and spleen in adult frogs.
There is a large number of haematopoietic stem cells in the
liver, which confirms the assumption of its haematopoietic
role. However, haematopoietic liver potential is different
in different parts of the liver. Region I is abundant
in haematopoietic stem cells, with few lymphoblasts
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Table 5. Erythrocytes morphometry in the bone marrow of Bufo bufo
Female

Cell and dimension

Male

ANOVA

Mean ± stdv

Range

Mean ± stdv

Range

Sig.

Erythrocytes (µm )

220.04 ± 33.02

149.81–263.49

204.31 ± 27.0

161.48–244.90

0.125

Longer axis (µm)

21.36 ± 1.72

17.03–22.76

20.37 ± 1.69

17.43–22.75

0.101

Shorter axis (µm)

13.27 ± 1.24

11.13–15.49

12.55 ± 1.32

9.99–14.80

0.107

2

Nucleus (µm )

30.86 ± 6.23

23.83–46.61

31.10 ± 3.97

25.93–38.21

0.459

Longer axis (µm)

7.46 ± 1.00

6.41–9.53

7.39 ± 0.62

6.34–8.32

0.429

Shorter axis (µm)

4.95 ± 0.83

3.79–9.53

5.14 ± 0.41

4.36–5.83

0.254

2

Table 6. The percentage of leucopoietic precursors and mature cells in the femoral bone
marrow of Bufo bufo.

I

II

Cells

Mean ± stdv

Range

Myeloblasts

3.7 ± 0.82

3–5

Neutrophilic metamyelocyte

11.5 ± 1.58

9–14

Eosinophilic metamyelocyte

9.6 ± 1.26

8–12

Lymphoblast

4.8 ± 1.03

3–6

Prolymphocyte

13.10 ± 1.19

11–15

Monoblast

2.2 ± 0.78

1–3

Neutrophils

11.6 ± 1.71

9–14

Lymphocytes

43.5 ± 2.22

40–47

Ratio

I :II = 44.9 : 55.1

Type

I – haematopoietic cells
II – mature cells

and erythrocytes. Region II had a lot of erythrocytes,
macrophages, and lymphoblasts. Erythrocytes present
in the liver were the largest. Based on the evidence, the
liver is a place of intractable erythropoiesis and partial
lymphocytopoiesis. There are rare neutrophils in the liver,
suggesting that it is mostly erythropoietic tissue, while its
role in cell maturation is small. Allender and Fry (2008)
also reported the role of the liver in erythropoiesis. There
are no significant differences between males and females in
the size of erythrocytes in the liver. Erythropoiesis in frogs
is characterised by the fact that no transitional forms have
been identified, unlike in mammals, while differentiation
and maturation are reflected in the change of cell size.
Erythrocyte size in bone marrow is similar to erythrocytes
in peripheral blood. This suggests that bone marrow is a
conservation site for erythrocyte maturation. Our research
is the first record of bone marrow haematopoiesis in Bufo
bufo. The YBM, located exclusively in the diaphragm, is
the place for conservation of mature blood cells, while
the RBM is placed in an epiphyseal site of intractable
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leukopoiesis. In the haematopoietic sense, lymphoblasts
dominate in the bone marrow, which is in correlation
with the largest number of lymphocytes (as leukocytes)
in peripheral blood. Thrombocytes could be considered
a particular type of leukocytes and they are formed
from unidentified common precursor cells. Data about
leukopoietic cells in Amphibians are very scant. Previous
studies have indicated the formation and maturation of
lymphocytes in the thymus. Moustafa and Chibon (1982)
reported that the thymus in Pleurodeles waltlii (20 days
old) contains 24% lymphoid stem cells. Between 20 and
72 days, these cells differentiate into lymphocytes. Three
types of polynuclear cells (neutrophils, eosinophils,
and basophils), macrophages, and plasma cells were
differentiated outside the thymus and later migrated
within the thymus through the vascular space. Late-phase
development of thymus is important for lymphocyte
development because lymphocyte proliferation correlates
with the general enlargement of the thymus (Henry and
Charlemagne, 1980).

SULJEVIC et al. / Turk J Zool
Since this research gives the first haematological
and haematopoietic data for Bufo bufo, it can serve as a
general reference point for future studies of Bufonidae
haematology and haematopoiesis. Haematopoiesis in the
liver is not uniform; certain parts are sites of intractable
erythropoiesis and partial lymphocytes. The RBM is
the site of intractable leukopoiesis with lymphoblast
dominance and the YBM is the site for conservation
and maturation of blood cells. The combined touch

method and tissue imprinting method have proven to be
very effective in isolating haematopoietic cells from the
liver and bone marrow of Bufo bufo. It is also necessary
to continue with analyses of the haematopoietic
cell surface receptors by the use of flow cytometric
techniques, so that the final haematopoietic cell lineage
differentiation can be achieved with the establishment of
phylogenetic similarities and differences in the vertebrate
haematopoietic patterns.
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